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We consider a simple version of Left-Right Symmetric Model in which the scalar sector consists of
a Higgs bidoublet (Φ) with B −L = 0, Higgs doublets (HL,R) with B −L = 1 and a charged scalar
(δ+) with B − L = 2 leading to radiatively generated Majorana masses for neutrinos and thereby,
leads to new physics contributions to neutrinoless double beta decay (0νββ). We show that such a
novel framework can be embedded in a non-SUSY SO(10) GUT leading to successful gauge coupling
unification at around 1016 GeV with the scale of left-right symmetry breaking around 1010 GeV. The
model can also be extended to have left-right symmetry breaking at TeV scale, enabling detection
of WR, ZR bosons in LHC and future collider searches. Finally, due to sizeable WL −WR mixing
to neutrinoless double beta decay, this model can saturate the present bound from GERDA and
KamLAND-Zen experiments.
I. INTRODUCTION
The Standard Model (SM) is a remarkbaly success-
ful theory for Particle Physics in accord with almost all
data till current accelerator reach. However several open
problems persist which cannot be addressed within SM.
One such problem is the parity asymmetry seen in low-
energy weak-interactions while the strong interactions
are parity-conserving. It is believed that SM can be
thought of as the effective low energy theory of a larger
framework which is parity symmetric at higher energy
scale. From recent neutrino oscillation experiments [1, 2],
there is convincing evidence for neutrino masses; which
are not permitted in the SM. Within the framework of
the left-right symmetric models (LRSM) [3–6], we can
have possible resolutions for both the problems. In this
framework, the fundamental interactions are parity-even
at energy scales much above the electroweak scale. Such
a scenario naturally admits right-handed neutrinos with
non-zero masses.
In this work, we consider a simple version of LRSM
in which the scalar sector consists of a Higgs bidou-
blet (Φ) with B − L = 0, Higgs doublets (HL,R) with
B − L = 1. Due to the Higgs scalars being in the fun-
damental and bi-fundamental representations ensuring
breakdown of LRSM to SM, this is known as Minimal
Left-Right Symmetric Model. With this particle content,
quarks and leptons including neutrinos can obtain Dirac
masses. The manifest left-right symmetric models with
Higgs triplets and bidoublet [7] provide Majorana masses
to neutrinos and hence, allow lepton number violation.
However, within this minimal LRSM with Higgs dou-
blets and bidoublet, there are no Majorana mass terms
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and thus, no lepton number violation in the theory. In
order to have lepton number violation or Majorana mass
terms, the model is expanded by adding a charged scalar
δ+ with B − L charge 2 which will allow us to generate
the Majorana mass terms for neutrinos at loop-level as
first pointed out by P. Fileviez Perez et al. [8]. In this
reference, they also have discussed the collider signatures
of the Lepton Number Violating (LNV) processes in the
context of this minimal left-right symmetric model.
Neutrinoless double beta decay (0νββ) is a decay mode
of a given isotope in which two neutrons simultaneously
convert into two protons and two electrons without be-
ing accompanied by any neutrinos. The experimental
observation of such a rare process would reveal the Ma-
jorana nature of light neutrinos [9] indicating the vio-
lation of Lepton Number and can provide information
on the absolute scale of neutrino mass. Till date, the
best lower limit on half-life of the neutrinoless double
beta decay using 76Ge is T 0ν1/2 > 8.0 × 1025 yrs. at
90% C.L. from GERDA [10]. For 136Xe isotope, the de-
rived lower limits on half-life from KamLAND-Zen ex-
periment is T 0ν1/2 > 1.6 × 1026 yrs [11]. The proposed
sensitivity of the future planned nEXO experiment is
T 0ν1/2(
136Xe) ≈ 6.6× 1027 yrs [12].
The Lepton number violating 0νββ process could arise
either from the standard mechanism due to exchange of
light Majorana neutrinos or by some new physics be-
yond SM (BSM). The simple LRSM provides us the ex-
istence of right-handed neutrinos, light neutrino masses,
new right-handed massive gauge bosons and their mixing
with the left-handed counterpart gauge bosons and the
possibility of light-heavy neutrino mixing [13–24]. In the
present scenario, we aim to discuss new physics contri-
butions to neutrinoless double beta decay within a sim-
ple left-right symmetric model with Higgs doublets and
bidoublet where Majorana masses for neutrinos are gen-
erated at loop-level. We also intend to examine the re-
sulting contributions to 0νββ transition arising from size-
able light-heavy neutrino mixing which can saturate the
current experimental bounds. Such mixing parametrizes
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2the half-life of the nucleus.
Grand Unified Theories (GUTs) [5, 25–27] based on
the gauge group SO(10) are very appealing in which
the three fundamental forces strong, weak and electro-
magnetic have a common origin. They have potential to
shed light on many unsolved questions of SM. Unlike the
SU(5) GUT which breaks directly to SM, SO(10) ad-
mits intermediate symmetry breaking like left-right sym-
metry or Pati-Salam symmetry. Our goal here is also to
embed the left-right symmetric theory into such a non-
supersymmetric SO(10) GUT. Such left-right symmetry
breaking occuring at the scale of a few TeV can give
rise to interesting weak phenomenology i.e, right-handed
gauge bosons WR, ZR at collider scales.
The structure of the paper is as follows. Section II
contains a brief introduction of the minimal left-right
symmetric model including the particle content and the
symmetry breaking pattern. The generation of Dirac and
Majorana masses and the resulting neutral lepton mass
matrix have been discussed in section III. In the sub-
sequent section IV, we embed this minimal LRSM in a
non-SUSY SO(10) GUT framework. In section V, we dis-
cuss the new physics contributions to neutrinoless double
beta decay which can saturate the KamLAND-Zen and
GERDA experiments. In Appendix A, we present the
full Lagrangian of the framework and the minimization
of the scalar potential has been carried out in Appendix
B.
II.MINIMAL LEFT-RIGHT SYMMETRIC MODEL
The left-right symmetric model [3–6] is based on the
gauge group,
GLR ≡ SU(2)L × SU(2)R × U(1)B−L × SU(3)C (1)
where the electric charge is defined as
Q = T3L + T3R +
B − L
2
. (2)
Under this left-right symmetric gauge group, the usual
quarks and leptons transform as
qL =
(
uL
dL
)
≡ [2, 1, 1/3, 3] , qR =
(
uR
dR
)
≡ [1, 2, 1/3, 3] ,
`L =
(
νL
eL
)
≡ [2, 1,−1, 1] , `R =
(
νR
eR
)
≡ [1, 2,−1, 1] .
The left-right symmetric model can be spontaneously
broken down to SM gauge group SU(2)L × U(1)Y ×
SU(3)C either using Higgs doublets or Higgs triplets or
combination of both having non-zero B − L charges. In
manifest left-right symmetric models with Higgs triplets,
the model accomodates lepton number violation via Ma-
jorana masses for left-handed and right-handed neutrinos
at tree level through non-zero VEVs of these triplets. In
the present framework Higgs doublet HR breaks the left-
right symmetry to SM. Since doublet is the non trivial
minimal representation of SU(2), this framework may
be called minimal left-right symmetric model. The left-
right symmetry demands the existence of Higgs doublet
HL which is the left counterpart of HR. We also need a
Higgs bidoublet Φ with B−L = 0 to break the SM elec-
troweak gauge group SU(2)L×U(1)Y ×SU(3)C down to
U(1)Q × SU(3)C . Thus, the symmetry breaking pattern
for this minimal left-right symmetric model is given by
GLR 〈HR〉−→ GSM 〈HL〉,〈Φ〉−→ U(1)Q × SU(3)C (3)
where
GLR ≡ SU(2)L × SU(2)R × U(1)B−L × SU(3)C ,
GSM ≡ SU(2)L × U(1)Y × SU(3)C ,
In the minimal left-right symmetric model with Higgs
doublets and bidoublets, all the fermions including neu-
trinos are getting Dirac type masses and thus, have no
lepton number violation in the model. The lepton num-
ber violation can be incorporated minimally with the
inclusion of a charged scalar δ+(1L, 1R, 2B−L, 1C). We
shall discuss in the next section how Majorana masses for
both left-handed and right-handed neutrinos are gener-
ated at one-loop level with the help of this extra charged
scalar. Thus, the complete scalar sector of the model is
given by [8]
Φ =
(
φ01 φ
+
2
φ−1 φ
0
2
)
≡ [2, 2, 0, 1] ,
HL =
(
h+L
h0L
)
≡ [2, 1, 1, 1] ,
HR =
(
h+R
h0R
)
≡ [1, 2, 1, 1] ,
δ+ ≡ [1, 1, 2, 1] (4)
III. NEUTRINO MASSES
The leptonic Yukawa interaction Lagrangian can be
read as
LYuk = qL
(
Y q Φ + Y˜ qΦ˜
)
qR
+`L
(
Y ` Φ + Y˜ `Φ˜
)
`R
+λL`TLC`Lδ
+ + λR`TRC`R δ
+ + h.c. (5)
The VEVs of the Higgs scalars are taken to be,
〈Φ〉 =
(
v1 0
0 v2
)
, 〈δ+〉 = 0 ,
〈HR〉 =
(
0
vR
)
, 〈HL〉 =
(
0
vL
)
. (6)
After spontaneous symmetry breaking the quarks,
charged leptons and neutrinos get their Dirac type masses
as,
Mu = Y
q v1 + Y˜ qv
∗
2 , Md = Y
q v2 + Y˜ qv
∗
1 ,
MD = Y
` v1 + Y˜ ` v
∗
2 , Me = Y
` v2 + Y˜ ` v
∗
1 . (7)
3νL eL eR νL
Φ+1
〈HR〉〈HL〉
δ+
a
a
νR eR eL νR
Φ+1
〈HR〉〈HL〉
δ+
a
a
2
FIG. 1: Generation of Majorana masses for left-handed and
right-handed neutrinos at one loop level.
It should be noted that the electroweak VEV vEW can
be expressed as,
v2EW = v
2
1 + v
2
2 + v
2
L (8)
It is possible that one of the VEVs of Φ can be chosen
to be small. In the limit v2 → 0, other VEVs can be
expressed as vL = vEW cosβ and v1 = vEW sinβ so that
tanβ = v1/vL. With this, the fermion masses are given
by
Mu = Y
q v1 , Md = Y˜ qv
∗
1 ,
MD = Y
` v1 , Me = Y˜ ` v
∗
1 . (9)
Thus, one can write down the up-type and down-type
quark masses from v1 as,
Mu = Y
q v1 = V
u
L
mu 0 00 mc 0
0 0 mt
V uR †
Md = Y˜ qv
∗
1 = V
d
L
md 0 00 ms 0
0 0 mb
V dR† (10)
leading to CKM mixing matrices as,
VCKM = V
u
L
†V dL , VR = V
u
R
†V dR . (11)
For simplicity, we can work in basis where down-type
quark masses are already diagonal i.e, Y˜ q as diagonal
matrix and other Yukawa matrices can be constructed
by the physical up and down-type quark masses along
with CKM mixing matrix.
Before commenting on Y˜ ` and Y `, let us discuss the
one-loop generated Majorana masses for left-handed and
right-handed neutrinos (pointed out in ref. [8]) as shown
in Fig.1 as,
M1-loopL '
λ′〈HL〉〈HR〉
16pi2
λLM`Y
T
`
M2
I ,
M1-loopR '
λ′〈HL〉〈HR〉
16pi2
λRM`Y
T
`
M2
I , (12)
where M = max (Mδ+ ,MΦ), M` is the mass of the lepton
and I is the loop factor, can be found as,
I =
log[
M2`
M2
δ+
]M2
δ+
M2
δ+
−M2`
−
log[
M2`
M2
φ
]M2φ
M2φ−M2`
Thus, the complete neutral lepton mass matrix is
M =
(
M1-loopL MD
MTD M
1-loop
R
)
(13)
In the mass hierarchy M1-loopR MD M1-loopL the light
and heavy neutrino masses using seesaw approximation
and in the limit M1-loopL → 0 as,
mν = −MD(M1-loopR )−1MTD , mR = M1-loopR . (14)
IV. EMBEDDING THE FRAMEWORK IN
SO(10) GUT
We embed the minimal left-right symmetric model for
lepton number violation as discussed in Section II within
a non-supersymmetric SO(10) GUT to predict the scale
of left-right symmetry breaking scale. The symmetry
breaking chain of SO(10) GUT is
SO(10)
MU−→G2L2R1B−L3C MR−→G2L1Y 3C
(
SM
) MZ−→G1Q3C .
The SO(10) breaks down to the SM gauge group with
the intermediate breaking step G2L2R1B−L3C at MR scale.
At the first stage the symmetry breaking for SO(10)
GUT to the left-right gauge group G2L1R1B−L3C at unifi-
cation scale MU is achieved by assigning a non-zero vev
to a Higgs field 〈Σ(1, 1, 15)〉 ∈ {210H}. The subsequent
stage of symmetry breaking of G2L2R1B−L3C → GSM
is done by assigning a non-zero VEV to Higgs doublet
HR(1, 2, 1, 1) ∈ 16H with B − L = 1.
The relevant one-loop RG equation [28] for the gauge
couplings gi (i = 2L, Y, 3C) from SM to LRSM and gi
(i = 2L, 2R,BL, 3C) from LRSM to GUT scale,
µ
∂gi
∂µ
=
bi
16pi2
g3i , (15)
where the one-loop beta-coefficients bi are as follows,
bi = −11
3
C2(G) + 2
3
∑
Rf
T (Rf )
∏
j 6=i
dj(Rf )
+
1
3
∑
Rs
T (Rs)
∏
j 6=i
dj(Rs). (16)
In the above formula, C2(G) is the quadratic Casimir
operator for gauge bosons in their adjoint representation,
C2(G) ≡
{
N if SU(N),
0 if U(1).
(17)
T (Rf,s) are the traces of the irreducible representation
Rf,s for a given fermion (scalar),
T (Rf,s) ≡

1/2 if Rf,s is fundamental,
N if Rf,s is adjoint,
0 if U(1).
(18)
4and d(Rf,s) is the dimension of a given representation
Rf,s under all SU(N) gauge groups except the i-th gauge
group under consideration.
When we consider the unification of this model in
SO(10), denoted case 1, we find that it leads to a high
value for MR. Thus additionally we shall also consider
a model that permits a scale for MR closer to the TeV
scale, by introducing additional scalar multiplets as in-
trouduced in case 2 below. Using the particle content
of the model, the one-loop beta coefficients for different
mass range are as follows,
(i)µ ∈ [MZ −MR] :
G213 ≡ SU(2)L × U(1)Y × SU(3)C ,
Higgs:φ(2, 1/2, 1) ⊂ 10H ;
b2L = −19/6, bY = 41/10, b3C = −7 ,
(ii)µ ∈ [MR −MU] :
G2213 ≡ SU(2)L × SU(2)R × U(1)B−L × SU(3)C ,
a)Case 1:
Higgs: Φ(2, 2, 0, 1), HL(2, 1, 1, 1), HR(1, 2, 1, 1),
δ+(1, 1, 2, 1)
b′2L = −17/6, b′2R = −17/6, b′BL = 5, b′3C = −7 .
b)Case 2:
Higgs: Φ(2, 2, 0, 1), HL(2, 1, 1, 1), HR(1, 2, 1, 1),
and new fields,
ξ(1, 1, 4/3, 6) and 4 copies of δ+(1, 1, 2, 1)
b′2L = −17/6, b′2R = −17/6, b′BL = 47/6,
b′3C = −37/6 .
(19)
The evolution of the gauge couplings in cases 1 and 2 are
displayed in Fig. 2 and Fig. 3 respectively.
The two unknown parameters, left-right symmetry
breaking scale MR ' 〈HR〉 and the unification scale MU
can be solved for by considering the RG equations for in-
dividual gauge couplings and extrapolating them to MU .
Using Eq. (15), the key equations are
AU ln
(
MU
MZ
)
+ARln
(
MR
MZ
)
= C1 (20)
BU ln
(
MU
MZ
)
+ BRln
(
MR
MZ
)
= C2 (21)
Here
C1 = 16pi
(
α−1S −
3
8
α−1em
)
,
C2 = 16pi α−1em
(
sin2 θW − 3
8
)
,
Using PDG [29] value for electroweak mixing angle
sin2 θW = 0.23102 ∓ 0.00005, strong coupling constant
αS = 0.118 ± 0.003 and electromagnetic fine structure
constant αem = 1/128.5, determines C1 = −1996.19, and
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FIG. 2: Gauge coupling running and unification in case 1, the
minimal left-right symmetric model considered here. It im-
plies unification scale MU = 10
16.4 GeV and left-right break-
ing scale MR = 10
10.2 GeV.
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FIG. 3: Gauge coupling running and unification in case
2, with the model of Fig.2 enhanced by addition of four
copies of charged scalar δ+(1L, 1R, 2BL, 1C) and one copy
of ξ(1L, 1R, 4/3BL, 6C) at mass scale MR and above. This
results in MU being pushed close to Planck scale 10
19GeV
however the left-right symmetry breaking scale MR becomes
= 104 GeV.
C2 = −929.98. The other parameters can be expressed
in terms of one-loop beta coefficients b and b′ as,
AR = (8b3C − 3b2L − 5bY )− (8b′3C − 3b′2L − 3b′2R − 2b′BL)
AU = (8b′3C − 3b′2L − 3b′2R − 2b′BL)
BR = (5b2L − 5bY )− (5b′2L − 3b′2R − 2b′BL)
BU = (5b′2L − 3b′2R − 2b′BL) (22)
From Eqs. 20, 21 and 22 we can obtain the values of
the other parameters as well as the breaking scales which
are tabulated in Table I.
Turning to the determination of neutrino masses, we
use tanβ = 5, 〈Φ〉 = v1 = 170.572GeV, 〈HL〉 = vL =
34.114 GeV, Mδ+ 'TeV, and the two possible values
〈HR〉 ' 1010GeV and 104GeV and the resulting values
are displayed in Table II
5AR AU BR BU MR(GeV) MU (GeV)
Case 1 −18 −49 −62/3 −47/3 2.86× 1010 3.4× 1016
Case 2 −19 −48 −15 −64/3 6.2× 104 7.9× 1018
TABLE I: Estimated values of SU(2)R breaking scale and
Grand unification scale using representative set of beta coffi-
cients.
λ′ λR Y ` M1-loopR (keV) MD(eV) Mν(eV)
10−2 10−3 5.86× 10−10 126.7 100 0.08
1 10−3 5.86× 10−12 0.013 1 0.07
TABLE II: Estimated values of physical masses for light and
heavy neutrinos using derived values of MD and radiatively
generated M1−loopL,R using representative set of input model
parameters.
V. NEUTRINOLESS DOUBLE BETA DECAY
As discussed earlier there are no tree level Majorana
masses for neutrinos and the Majorana mass terms for
both left-handed and right-handed neutrinos are gener-
ated through radiative mechanism. With small value of
Dirac neutrino mass and keV-MeV range of heavy Majo-
rana neutrinos, the model can accommodate a large mix-
ing of light and heavy neutrinos. This large light-heavy
neutrino mixing gives new physics contributions to neu-
trinoless double beta decay which can saturate various
current experimental bounds1.
The charged current interaction Lagrangian for leptons
and quarks can be read as,
LlepCC =
gL√
2
[ ∑
α=e,µ,τ
`α γ
µPLναW
−
Lµ + h.c.
]
+
gR√
2
[ ∑
α=e,µ,τ
`α γµPRNαW
−
Lµ + h.c.
]
,
LqCC =
[
gL√
2
dγµPLuW
−
Lµ +
gR√
2
dγµPRuW
−
Rµ + h.c.
]
,
The flavor neutrino eigenstates να ≡ νLα and Nβ ≡ νRβ
are related to their mass eigenstates νi and Ni as,
να = Uαiνi + SαiNi
Nβ = Tβiνi + VβiNi
where the mixing matrices U, V, S, T are given by(
U S
T V
)
=
(
1− 12RR† R
−R† 1− 12R†R
)(
Uν 0
0 UN
)
(23)
1 More detailed discussion on neutrinoless double beta decay in
left-right symmetric models can be found in in refs. [13–24].
such that Uν , UN are the diagonalising matrices of light
and heavy neutrino mass matrices Mν ,MN respectively.
Here R = MD(M
1-loop
R )
−1.
In the present model, there are various contributions
to neutrinoless double beta decay namely i) due to ex-
change of light right-handed neutrinos via purely left-
handed currents (WL − WL mediation) or other way
around, ii) due to exchange of keV-MeV scale right-
handed neutrinos via both left-handed and right-handed
currents (WL−WR mediation), iii) due to mixed helicity
so called λ diagrams which involves left-right neutrino
mixing through mediation of νi, Ni neutrinos, iv) due to
mixed helicity η diagrams through mediation of νi, Ni
neutrinos involving WL−WR gauge boson mixing as well
as left-right neutrino mixing.
The half-life for a given isotope for these contributions
to neutrinoless double beta decay is given by
1
T 0ν1/2
=G01
(
|MνηLν +M′NηLN |2 + |M′NηRN +MνηRν |2
+ |M′λ(ηνλ + ηNλ ) +M′η(ηνη + ηNη )|2
)
(24)
where G01 represents the standard 0νββ phase space fac-
tor, theMi represent the nuclear matrix elements for the
different exchange processes and ηi are the dimensionless
particle physics parameters presented in table III.
In the present model, we have discussed two different
scenarios for gauge coupling unification predicting dif-
ferent values of left-right symmetry breaking scale and
thereby, can result one-loop generated right-handed neu-
trinos both lighter and heavier than 100 MeV, typical
momentum exchange of the process [30]. It is notable
that the relevant nuclear matrix element changes; for
Mi  100 MeV it approaches M′N → MN whereas for
Mi  100 MeV it approaches M′N →Mν and similarly
forM′λ,M′η. We limited our analysis to Mi  100 MeV
for which all the NMEs are presented in table III.
Isotope G01 (yr
−1) Mν ≡M′N M′λ ≡M′η
Ge− 76 5.77× 10−15 2.58− 6.64 1.75− 3.76
Xe− 136 3.56× 10−14 1.57− 3.85 1.92− 2.49
TABLE III: Standard 0νββ phase space factor [31] and nu-
clear matrix elements for the different exchange processes [32]
used in the analysis
Left handed current effects: The lepton number
violating dimensionless particle physics parameter for
standard 0νββ mechanism is given by,
ην ≡ ηLν =
1
me
3∑
i=1
U2eimi =
mL,νee
me
, (25)
where me is the electron mass, Uei is the mixing element
and mi is the light neutrino mass. This can be translated
6into effective Majorana mass parameter as,
mνee ≡ mL,νee =
∣∣c212c213m1 + s212c213m2eiα + s213m3eiβ∣∣ ,
(26)
where s12 = sin θ12, c12 = cos θ12, etc the sine and cosine
of the oscillation angles. and the unconstrained Majo-
rana phases 0 ≤ α, β < 2pi.
In addition, there is a new physics contribution to
0νββ mechanism due to purely left-handed current ef-
fects with the exchange of right-handed neutrinos as,
ηLN =
1
me
3∑
i=1
S2eiMi =
mL,Nee
me
. (27)
Here Sei is the left-right neutrino mixing whose strength
depends upon the relative values of tree level Dirac neu-
trino mass MD and one-loop generated right-handed Ma-
jorana neutrino mass MR with MR > MD and Mi is the
mass of right-handed neutrinos.
Right-handed current effects: The new physics
contribution to 0νββ mechanism arising from the purely
right-handed currents via the exchange of right-handed
neutrinos yields the lepton number violating dimension-
less particle physics parameter as,
ηRN =
1
me
(
gR
gL
)4(
MWL
MWR
)4 3∑
i=1
V ∗2ei Mi . (28)
In the present scenario we have gL = gR, or else the new
contributions are rescaled by the ratio between these two
couplings. This contribution is proportional to the stan-
dard parameter ην and for Mi ≈ mi, the contribution be-
comes negligible because of the strong suppression from
the heavy right-handed gauge boson WR mass.
Similarly, the other contribution arising from purely
right-handed current effects due to exchange of light neu-
trinos, ηRν =
1
me
(
gR
gL
)4 (MWL
MWR
)4∑3
i=1 T
∗2
ei Mi is indeed
negligible because of large suppression due to the factor,(
MWL
MWR
)4
.
Mixed current effects-λ and η diagrams: There
are new physics contributions to 0νββ mechanism arising
from the effect of both left and right handed currents are
as follows,
ηνλ =
(
gR
gL
)2(
MWL
MWR
)2∑
i
UeiT
∗
ei =
mνee,λ
|p| ,
ηNλ =
(
gR
gL
)2(
MWL
MWR
)2∑
i
SeiV
∗
ei =
mNee,λ
|p|
ηνη =
(
gR
gL
)
tan ξ
∑
i
UeiT
∗
ei =
mνee,η
|p| ,
ηNη =
(
gR
gL
)
tan ξ
∑
i
SeiV
∗
ei =
mNee,η
|p| (29)
In our case, all the factors of gRgL are unity.
A. Numerical Results
We intend to examine the new physics contributions
which can give sizeable effects and can saturate the ex-
perimental limit. The translated bound on the effective
Majorana mass parameter has been derived for various
isotopes [33, 34],
|mνee| ≤ (0.22− 0.53) eV For 76Ge
|mνee| ≤ (0.36− 0.90) eV For 100Mo
|mνee| ≤ (0.27− 1.00) eV For 130Te
|mνee| ≤ (0.15− 0.35) eV For 136Xe (30)
One can numerically estimate the half-life for 0νββ
decay of the isotope or effective Majorana mass parame-
ter mνee (or dimensionless particle physics parameters η)
using the allowed range of model parameters. We used
phase space factors and nuclear matrix elements as dis-
played in TableIII. The other model parameters are fixed
as
gR = gL,Mδ+ ≈ 5 TeV ,
MNi = kev - MeV, 〈HR〉 '
[
1010GeV, 104GeV
]
. (31)
Using these model parameters, the estimated effective
Majorana mass parameters are presented in TableIV,
Isotope mL,Nee (eV) mee,λ 'mee,η(eV)
76Ge 0.111− 0.285 39.145− 84.106
136Xe 0.067− 0.163 20.6− 26.7
TABLE IV: Numerical values of effective Majorana mass pa-
rameters due to various new physics contributions within the
present framework due to keV-MeV range of heavy Majorana
neutrinos and sizable light-heavy neutrino mixing.
In the analysis of gauge coupling unification discussed
in the earlier section, we have considered two differ-
ent scenarios predicting the left-right symmetry break-
ing scale as i) MR = 10
10 GeV and ii) MR = 10
4 GeV.
For the case MR = 10
10 GeV and thereby, the masses of
right-handed gauge bosons WR, ZR of the same scale, the
scenario is far away from the reach of LHC. Also the ratio
MWL
MWR
and WL −WR mixing i.e, tan ξ are negligible, and
thus the new physics contributions to neutrinoless double
beta decay arising from purely right-handed currents and
mixed current effects like λ and η-diagrams are negligi-
ble. However, the new physics contributions arising from
purely left-handed currents with the exchange of light as
well as heavy neutrinos can be sizeable. As it is known
the standard mechanism for 0νββ transition due to ex-
change of light neutrinos cannot be sensitive enough to
be probed at current experiments for normal hierarchi-
cal (NH) and inverted hierarchical (IH) case, while the
quasi-degenerate (QD) pattern is ruled out on account
of the cosmology data. But the effective mass parame-
ter mL,Nee , arising from purely left-handed currents and
7due to the exchange of heavy neutrinos, is estimated to
be around 0.1-1.0 eV while the heavy Majorana neutri-
nos mass Mi lie in the range keV-MeV and light-heavy
neutrino mixing Sei is around 10
−3. This value is clearly
saturating the KamLAND-Zen experimental bound. The
numerical estimation for these new physics contributions
in terms of effective Majorana parameters is presented in
Table.IV.
On the other hand, if we consider the SU(2)R breaking
scale at about 104 GeV consistent with the gauge cou-
pling unification, the right-handed gauge bosons ZR,WR
are in TeV range and hence, can have rich LHC phe-
nomenology. In addition, the new physics contributions
arising from purely right-handed currents and mixed cur-
rent effects like λ and η-diagrams are large as are the con-
tributions arising from large light-heavy neutrino mixing.
In fact for the same range of input parameters, the effec-
tive mass parameter comes out as, mee,λ ' 62.37 eV.
Thus, the new physics contributions are indeed large
enough to saturate the experimental bound.
The lightest neutrino mass can also be bounded from
radioactive beta decay studies, mβ =
√∑
i U
2
eimi for
which KATRIN [35] gives the bound as mβ < 0.2 eV.
From cosmology a direct limit can be placed on sum of
light neutrino masses mΣ ≡
∑
imi. At present, the
bound on the sum of light neutrino masses is mΣ <
0.23 eV derived from Planck+WP+highL+BAO data
(Planck1) at 95% C.L. while mΣ < 1.08 eV from
Planck+WP+highL (Planck2) at 95% C.L. [36].
VI. CONCLUSIONS
We have considered a minimal left-right symmetric
model giving rise to Majorana masses for left-handed
and right-handed neutrinos through a radiative mech-
anism in turn contributing to neutrinoless double beta
decay. The radiative mechanism for Majorana masses is
achieved through the introduction of the charged scalar
δ+(1L, 1R, 2BL, 1C). The light neutrino mass generation
is explained via the type-I seesaw mechanism with keV
scale for right-handed neutrinos and few eV scale for
Dirac neutrino mass using suppressed value of Yukawa
coupling as in the Table II. This choice of model param-
eters gives rise to large mixing of light-heavy neutrinos
and can saturate the experimental bound of GERDA and
KamLAND-Zen experiments on neutrinoless double beta
decay.
We embedded this model within a non-SUSY SO(10)
GUT framework with successful gauge coupling unifica-
tion. The simplest possibility gives rise to unification at
1016 GeV with the scale of left-right symmetry break-
ing around 1010 GeV. Alternatively, an extension of the
framework with addition of scalar species permits the in-
termediate left-right symmetry breaking at TeV scale so
that the right-handed gauge bosons ZR,WR can have in-
teresting Collider as well as low energy phenomenology
signatures. The two possible values of left-right sym-
metry breaking scale permit the keV to MeV range for
Majorana masses for the right handed neutrinos, in turn
leading to sizeable new contributions to neutrinoless dou-
ble beta decay.
Appendix A: Lagrangian for Minimal Left-Right
Theories with lepton number violation
The Lagrangian for the minimal left-right symmetric
model (omitting the SU(3)C structure for simplicity) is
given by
LLR = Lscalar + LgaugeKin. + LfermionKin. + LYuk (A1)
where the individual parts can be written as
Lscalar = Tr
[
(DµΦ)† (DµΦ)
]
+
(Dµδ+)† (Dµδ+)+ (DµHL)† (DµHL)
+ (DµHR)† (DµHR)− V(Φ, HL, HR, δ+) (A2)
Defining Φ ≡ Φ1 and Φ2 = τ2Φ∗τ2, the scalar potential can be written as follows
V(Φ, HL, HR, δ+) = −
∑
i,j=1,2
µ2φij
2
Tr(Φ†iΦj) +
∑
i,j,k,l=1,2
λφijkl
4
Tr(Φ†iΦj) Tr(Φ
†
kΦl)
+
∑
i,j,k,l=1,2
Λφijkl
4
Tr(Φ†iΦjΦ
†
kΦl)− µ2H
(
H†LHL +H
†
RHR
)
+ λ1
[(
H†LHL
)2
+
(
H†RHR
)2]
+λ2
(
H†LHL
)(
H†RHR
)
+
∑
i,j
βij
(
H†LHL +H
†
RHR
)
Tr(Φ†iΦj)
+
∑
i,j
%ij
[
H†LΦiΦ
†
jHL +H
†
RΦ
†
iΦiHR
]
−µ2δδ+δ− + λδ
(
δ+δ−
)2
+ λδH
(
δ+δ−
) (
H†LHL +H
†
RHR
)
+
∑
i,j
λδΦij
(
δ+δ−
)
Tr(Φ†iΦj) + λ
′H†ΦH∗Rδ
+ . (A3)
8The kinetic terms for gauge bosons is given by
LgaugeKin. = −
1
4
WµνL.W
µνL − 1
4
WµνR.W
µνR − 1
4
BµνB
µν (A4)
while for fermions,
LfermionKin. = iqLγµDµqL + iqRγµDµqR + i`LγµDµ`L + i`RγµDµ`R
(A5)
where the respective covariant derivatives, in general, are as
Dfµ = ∂µ − i gLτaW aµL − i gRτaW aµR − i gBL
B − L
2
Bµ
The Yukawa interaction Lagrangian can be read as
LYuk = Yq qLΦqR + Y˜qqLΦ˜ qR + Y` `LΦ`R + Y˜``LΦ˜ `R + λL`TLC`Lδ+ + λR`TRC`R δ+ + h.c. (A6)
Appendix B: Scalar potential minimization
Putting the VEVs as given in Eqn. 6 in the scalar potential A3 (in the limit v2 → 0) the parametrized potential
can be obtained as,
V(v1, vL, vR) = −µ2φ|v1|2 + λφ|v1|4 +
Λφ
2
|v1|4 − µ2H(v2L + v2R) + λ1(v4L + v4R)
+ λ2v
2
Lv
2
R + (2β + %)|v1|2(v2L + v2R) (B1)
Minimizing the Eq.B1 with respect to vL and vR we get,
∂V
∂vL
= µ2LvL − 2λ1v3L − λ2vLv2R = 0 (B2)
∂V
∂vR
= µ2RvR − 2λ1v3R − λ2vRv2L = 0 (B3)
where µ2L = µ
2
R ≡ µ2H − (2β + %)|v1|2.
From Eq.B2 and Eq.B3, considering vL 6= vR, we get,
vL =
2λ1(v
2
L + v
2
R)− µ2L
(λ2 − 2λ1)vR (B4)
Also we can express |v1|2 in terms of vL and vR as
|v1|2 = µ
2
H + (λ2 − 2λ1)vLvR − 2λ1(v2L + v2R)
(2β + %)
(B5)
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